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COMPLETE SPECIFICATION 

Aircraft Heating System 



We, Lockheed Aircraft Corporation, a 
corporation organized under the laws of the 
State of California, United States of America, 
of P.O. Box 551, Burbank, California, United 
5 States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: — 
10 This invention relates to an aircraft heating 
system, and more particularly to a system pro- 
viding for control of both floor temperature and 
compartment temperature. 
Prior methods and arrangements for such 
15 heating systems have employed heat from an 
overhead or above floor system only for heating 
compartment space; the heating of the floor, if 
at all, occurring in an incidental manner by 
means of the exhaust air, which in turn is both 
20 inadequate and insufficient from the stand- 
point of amount of heat available for floor 
heating and die control thereof. Further diffi- 
culty is encountered in the prior art types of 
heating systems in that a condition of extreme 
25 temperature stratification occurs wherein the 
heated air, which is supplied either through 
an overhead system or supply ducts located 
somewhat above the floor level, results in a 
warm space at the level of the supply ducts 
30 and above, while the floor area, which is re- 
moved from proximity of the delivery system, 
will be at a substantially lower temperature. 

Accordingly, it is an object of this invention 
to provide an aircraft heating system having 
35 provisions for controlling the floor tempera- 
ture as well as the compartment space tem- 
perature. 

It is a further object of this invention to 
provide a system for direct and positive heat- 
40 ing of both the floor and the compartment 
space. 

Still another object of this invention is to 
provide a heating system wherein the floor can 
be maintained at any desired and substantially 
45 uniform temperature throughout. 

It is still another object of this invention 

[Price 4s. 6d.] 



to provide a heating system which reduces the 
temperature stratification within the compart- 
ment space by providing a more uniform tem- 
perature throughout. 

Further objects and advantages of this in- 
vention will become apparent from the follow- 
ing description taken in connection with the 
accompanying drawings in which: 

Figure 1 is a fragmentary perspective view 
of one embodiment of the present invention 
showing the relative relationship of the various 
components installed in an aircraft, some of 
the components of which are shown diagram- 
matically; 

Figure 2 is a vertical cross section of the 
aircraft fuselage of Figure 1 showing addi- 
tional relationship details of the components 
of the invention embodiment shown in Figure 
1; 

Figure 3 is a plan view showing the baffle 
and floor heating distribution ducts from the 
space immediately below the compartment 
floor; and 

Figure 4 shows another embodiment of the 
distribution and mixing arrangement of the 
hot and cooling air of the floor heating por- 
tion of the invention depicted in the other 
drawings. 

Generally stated, the invention comprises & 
system arrangement having an overhead air 
duct in the compartment for distribution of 
warm or cool air combined with a warm air 
distribution duct within a chamber under the 
floor for heating thereof. The system is ar- 
ranged to receive a constant mass flow of 
air which is ducted to both the floor heating 
distribution duct and the compartment over- 
head distribution duct. The flow of floor heat- 
ing air is controlled by a thermal responsive 
device in turn controlling a throttling valve 
governing the amount of air flow to the over- 
head system. An increase of floor heating air 
flow occurs by a closing movement of the 
throtde valve, while a decrease in the floor 
heating air flow occurs upon an opening of 
the throttle valve. 
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Referring more particularly to the drawings, 
the preferred embodiment of the invention is 
shown in Figures 1, 2 and 3. Through an appro- 
priate ducting arrangement hot bleed air sup- 

5 plied from the powerplants of aircraft 1 con- 
tained within powerplant nacelles 2 is collectca 
in a pipe or duct 3 for introduction into the 
heating system through pipe or duct 4, con- 
trolled to an essentially constant mass now 

10 rate by valve 5. Beyond valve 5 duct 4 
branches into parallel ducts 6 and 7, which are 
in turn controlled by valves 8 and 9 respec- 

W Downstream of valve 8, fluid line or duct 6 
15 leads to a further pair of duct branches 10 
and 11, each of which leads to a ,et pump 12 
located in a compartment 13 beneath the floor 
14 of the aircraft. Jet pumps 12 are arranged 
to provide a mixture of the hot bleed air from 
20 duct 6 as primary fluid widi entrained air 
from compartment 13 as a secondary fluid 'this 
secondary air being entrained as shown by 
flow arrows 13a in Figure 3). The combined 
air efflux from jet pumps 12 is directed into 
25 manifolds 15 located within space 16 formed 
between floor 14 and baffle member 17, the 
baffle member 17 in turn forming the top or 
upper confine of compartment 13. Manifolds 
15bave a plurality of distribution nozzles lb 
30 which discharge the mixture of the primary 
and secondary air into space 16 for heating 
of the floor 14, as shown by flow arrows 19. 

A portion of the air flow in space 16 re- 
turns to compartment 13 through holes or 
35 openings 20, the balance of die air flow through 
space 16 passing into the aircraft compartment 
through side or curb louvers or vents 21 as 
indicated by flow arrows 21a in Figure 2. 
The bleed air flowing through duct 7 ana 
40 valve 9 goes through an air conditioning unit 
22 or a S bypass duct 23 controlled by valve 
24 into duct 25, in turn connected to an 
overhead manifold 26 having a i multiphcity of 
distribution nozzles 27 for discharging the air 
45 flow from manifold 26 into the aircraft com- 
partment. Distribution of the fluid flow m 
ST 7 downstream of valve 9 is controlled 
by valve 24 in response to thermostat or 
thermal control member 28 located within , the 
50 aircraft compartment. Indication by *CTmostat 
28 for more heating air to the comparonent 
from the overhead manifold 26 results in an 
opting movement of valye 24, while, an iind.- 
E by thermostat 28 for cooler air results 
« STdosing of valve 24 thereby forcing a 
55 £gerpomonofmeairflowtaduct7through 
^conditioning unit 22. ^ou^ moddauon 
of valve 24 air at any desired temperature 
within the limits set by the temperature of the 
60 XSTair and the capacity of air condmoner g 
may be delivered to the compartment from the 
overhead manifold 26. „ ■ 

The floor heating portion of the system is 
controlled in an on or off position by an on* 
65 off switch 29 controlling valve 8 so that if 



there is to be no heating of the aircraft or com- 
partment floor, valve 8 will be closed thereby 
directing all air through duct 7 into the over- 
head system. Upon an opening of valve 8, the 
bleed air supply from duct 4 will divide into 7U 
ducts 6 and 7, and the amount of warm bleed 
air passing into duct 6 in the floor heating 
portion of the system is controlled by the 
temperature of the secondary air within com- 
partment 13 through a thermostat or thermal 75 
control member 30 located in compartment 13. 
Thermostat 30 controls the opening or closing 
of valve 9 which is in essence a reverse acting 
valve wherein, if the thermostat calls for a 
higher temperature (which means more not ou 
bleed air should be flowing in duct 6 into the 
floor heating portion for the system) valve 9 
will move in a closing direction while on the 
other hand, if the thermostat 30 calls for lower 
temperature heating air for the floor, the vdve BD 
o will be opened. This reverse action of valve 
o in the overhead svstem is desired in prefer- 
ence to a direct acting valve being provided in 
the undcrfloor system to modulate temperature 
control from thermostat 30 because the jet w 
pumps or ejectors 12 require that high pres- 
sure air always be available for optimum 
operation when valve 8 is open. Beyond valve 
5 the path of least resistance when the system 
is in the heating configuration is through valves 
9 and 24 to manifold 26 in the overhead 
system, rather than through valve 8 to ejectors 
12 in the undcrfloor system. Therefore, under 
demand for more heat in the underfloor system, 
valve 9 must close to reduce the flow of bleed iw 
air to the overhead system, which in turn 
makes more air available to the underfloor 
system since valve 5 always supplies a constant 
quantity air, regardless of the theimostatic 
demands of either or both systems. Further- ii» 
more, in order to assure that the overhead 
system, which is the normal heating and cool- 
ing system for the aircraft, is not completely 
starved of air flow when the underfloor system 
is being operated at maximum flow, an orifice 110 
of suitable size may be provided in valve 9 to 
prevent, complete closure of valve 9. 

The amount of air flow supply to the air- 
craft compartment through side curbing 21 is 
substantially equal to the bleed air flow through 1 15 
valve 8 for, while there is entrainment of the 
air in compartment 13, a portion of the com- 
bined air flow from distribution nozzles 18 
returns to compattment 13 through openings 
20 Likewise, the amount of air flow delivered 
to the aircraft compartment through the over- 
head system at manifold 26 is substantially 
equal to the amount of bleed air flow through 

Va ^tvTien the system is in operation, a steady 125 
flow of air into the compartment is main- 
tained by release of excess air through a dump 
valve 31 controlled by a pressure control 32 
located within the compartment. 
Figure 4 shows another jet pump or ejector 130 
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arrangement for handling the bleed air from 
duct 6 in compartment 13. This embodiment 
comprises a T-section 33 having jet pump or 
ejector means 112 connected to manifolds 115. 

5 As the high pressure bleed air from duct 6 
passes through ejectors 112, secondary air is 
entrained from compartment 13 as indicated 
by flow arrows 113a, the entrained secondary 
air being replenished by discharge of a mixture 

10 of primary and secondary air from manifolds 
115 through angulated nozzles 34 located on 
manifolds 115 between the ejectors 112 and 
distribution nozzles discharging the combined 
primary and secondary air into the space 16 

15 beneath the floor. This arrangement is pro- 
vided to dispense with the need or necessity 
of openings 20 in baffle 17 as can best be 
seen in Figures 2 and 3. 
Thus it can be seen that with this invention 

20 an aircraft heating system is provided wherein 
warm air is provided at a controlled tempera- 
ture for heating the floor of the compartment 
before the air flows into the compartment as 
well as a warm air delivery is concurrentiy 

25 supplied to the compartment from an overhead 
system thus heating the compartment floor and 
supplying warm air to the compartment in 
such a manner as to avoid any temperature 
stratifications therein. 

30 While particular embodiments of the inven- 
tion have been illustrated and described, it 
will be obvious to those skilled in the art that 
various changes and modifications may be 
made without departing from the invention and 

35 it is intended to cover in the appended claims 
all such modifications and equivalents as fall 
within the true spirit and scope of this inven- 
tion. 

WHAT WE CLAIM IS : — 

40 LA warm air heating system for an aircraft 
compartment comprising : a hot air source, a 
two branch duct means connected to said air 
source for receiving a flow of hot air there- 
from, a first air distribution means beneath 

45 the compartment floor for heating thereof and 
connected to one of the branch ducts to receive 
a portion of the air flow therefrom, a second 
air distribution means located at a level above 
the compartment floor, said second air distri- 

50 bution means being connected to the other 
duct branch for discharging the remaining por- 
tion of the air flow into the compartment at 
a level higher than the compartment floor, a 
throttling valve in said other duct branch con- 

55 trolling the relative air flow portions in the 
two branches of the duct means, and means 



thermally responsive to the underfloor air flow 
adjusting the throttling valve to vary the rela- 
tive air flows through the first and second air 
distribution means. 60 

2. A warm air heating system according to 
claim 1, including a chamber located beneath 
the floor of the compartment and spatially 
located therefrom to provide a space between 

the compartment floor and chamber, said one 65 
of the branch ducts being connected to said 
chamber for delivering a portion of the air 
flow thereto and said first air distribution 
means being located within said space and 
being connected to the chamber to receive an 70 
air flow therefrom of a mixture of hot air 
delivered by said one branch duct and cooler 
air from within the chamber. 

3. A warm air heating system according to 
claim 2, including an inlet duct to said first 75 
air distribution means, said inlet duct leading 

to the chamber by passing through the chamber 
wall from said space, a jet pump ejector means 
interconnecting said one branch duct and said 
inlet duct within said chamber, said jet pump 80 
ejector means providing said mixture of hot 
air and cooler air by aspiration into said inlet 
duct, and openings in the chamber wall pro- 
viding return passage means for a portion of 
the hot air mixture to return to said chamber 85 
as replacement for the aspirated cooler air. 

4. A warm air heating system according to 
claim 1, 2 or 3, including an air cooling means 
interposed between said other duct branch 
and said second air distribution means, a valve 90 
controlled by-pass means downstream of said 
throttling valve and interconnecting said other 
duct branch and said second air distribution 
means to by-pass the air flow around said air 
cooling means, and thermally responsive means 95 
within the compartment adjusting the by-pass 
control valve to vary the relative air flows 
through the air cooling means and said by-pass. 

5. A warm air heating system according to 
claim 2, 3 or 4 including passage means con- 100 
necting said space and said compartment for 
permitting flow of the mixture of hot air and 
cooler air into the compartment. 

6. A warm air heating system constructed 

and adapted to operate substantially as herein 105 
described with particular reference to the em- 
bodiments illustrated in the accompanying 
drawings. 

STEVENS, LANGNER, PARRY 
& ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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